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Abstract

The video-database of animations of emergents produced by the
open-source, Python GoL-N24 and error-resilient r-GoL programs
that are simulating extended and generalized versions of John. H.
Conway’s ’Game of Life’. The video-database provides links to all
important animations and figures presented in current publications
and to future ones based on the r-GoL and GoL-N24 software [9, 8].
The video-database contains even unpublished animations. This
video-database aims to provide the concise, easy-to-navigate way
to find emergents observed in this cellular automaton. The related
database of initial files for animations of emergents can be found in
[17].
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Beware: This video-database of animations observed within GoL-N24
software is accompanied by the database of the initial files [17] that
can be simply loaded into the GoL-N24 software. Both databases—
this one (videos) and the one with the initial configurations [17]—are
going to be updated in the future along with research progress.





Chapter 1

Introduction into the Cellular
Automata: GoL, r-GoL, and
GoL-N24

1.1 The Structure of the Database

The whole database is introduced by links to the introductory cellular
automata theory books and articles. This is followed by the ’The simplest
Python Program Simulating GoL’ (see [7, 30, 32]) and by the error-resilient
variants of GoL (see r-GoL program [9]) to enable everyone to dive quickly
and easily into this type of programming. Experts and those familiar with
cellular automata programming can directly continue in Sections 1.4 and 1.5.

1.2 Brief Introduction into Cellular

Automata

A simple introduction that addresses the modeling of complex systems can
be found in the book [31], where all major methods used to model complex
systems are covered in a highly accessible way.

A brief and concise introduction to cellular automata can be found in [29],
which is recommended to be followed by reading the following articles [33, 34]
and the book [2]. A very rudimentary definition of a cellular automaton is:
”A cellular automaton is made of a matrix or lattice of elements that are
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4 CHAPTER 1. INTR. INTO GOL, R-GOL, AND GOL-N24

updating their current state according to the states of elements within a
uniform neighborhood and the element itself using an identical evolution
function. This is all happening in discrete time steps.”

1.3 The Simplest Open-Source, Python

’GoL’ Program

For educational reasons, the simplest open-source Python ’GoL’ program
[7], which is less than one hundred lines long, was developed to explain the
very principles of cellular automata programming in John. H. Conway’s
’Game of Life’ [1] famous example.

Those who are already familiar with this type of programming can skip
this section and go directly to Section 1.4, which describes an avenue towards
the development of error-resilient computations.

All available variants of open-source, Python GoL
software

Soft
Type

Software – Brief Description Links

GoL The simplest GoL software (below
100 lines of the code).

software and
manual [7]

GoL-N24 Interactive GoL software GoL-N24
with extended neighborhoods se-
lected from (5 x 5) neighbors.

software [8]

r-GoL Error-resilient r-GoL software,
which demonstrates resilience
against 1% of injected errors, is
accomplished by modification of the
updating rule.

software [9]

Table S1: To enable easy navigation, links to the full, open-source Python
software GoL-N24 [8], the simplest GoL program [7], and error-resilient
software [9] are provided in this table.



1.4. ERROR-RESILIENT ’GOL’ SOFTWARE VARIANTS (R-GOL) 5

1.4 Error-Resilient ’GoL’ Software Variants

(r-GoL)

The following animations and figures were generated using the software [9]
that were published in [11]. Robust emergent r-GoL figures can be found
here [10]; see Table S2.

Logic-Gate
Type

Cellular Automaton – Brief Descrip-
tion

Citation

r-GoL Animations of r-GoL, rule-A without in-
jected errors, Figures 3 and 4 in [11] and
the animation link in [4].

[10]

r-GoL Animations of r-GoL, rule-B with 1% of
injected errors, Figures 5 and 6 in [11] and
the animation link in [5].

[10]

r-GoL Animations of r-GoL, rule-C with 1% of
injected errors, Figures 7 and 8 in [11] and
the animation link in[6].

[10]

Table S2: Three basic simulations demonstrate the error-resilient variants
of ’Game of Life’. The rules B and C are error-resilient against the injection
of one percent of error into the updating rule; see details in [11]!

1.5 Open-Source, Python ’GoL-N24’

Program

The full, open-source Python software GoL-N24 [8] was developed in the
interactive version. It enables loading and saving configurations of the lattice
and the definition of the neighborhood, starting/stopping the simulation,
editing neighborhood, and randomly generating the initial configuration of
the lattice.

Just a few examples of the emergents observed within the extended
neighborhood of GoL-N24:

• Ships breeding ships [12] is a prominent example of a second-order
emergents generated by spontaneously arising first-order emergents
from almost any random initial conditions.
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• Manually defined, there are three emergent logic gates implemented
in the original GoL: AND [13], OR [15], and NOT [14].

• Resilience of a glider against small changes within the neighborhood
[28].

• and the list goes on. . .



Chapter 2

Published Research on
Emergent Information
Processing

This database is drawing animations from the following publications; for
details, see Table S3.

Cellular Automaton – Brief Description Citation
Emergent Information Processing: Observations, Experi-
ments, and Future Directions

[16]

Robust massive parallel information processing environ-
ments in biology and medicine: case study

[11]

Complex Systems and Their Use in Medicine: Concepts,
Methods and Bio-Medical Applications

[3]

Table S3: The list of publications on Emergent Information Processing. An
important review of applications of complex systems modeling in medicine,
which provides a good starting point for understanding complex systems
modeling in biology.
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Chapter 3

The Video-Database of
Emergents Observed in
GoL-N24

This video-database is going to be extended, along with finding more inter-
esting emergents observed in the GoL-N24 cellular automaton.

Important message: Animations are located at the bottom of the pages
on ’ResearchGate.net’ in APNG formats, which can be displayed by web
browsers from the local files.

3.1 Logic-gates AND, OR, and NOT

implemented in GoL

The animations of the logic gates AND S4, OR S5, and NOT S6 are going to
be reviewed in this section. This will enable everyone to easily and quickly
find all required animations for any logic-gate input.

It is important to mention that there are existing projects attempting to
design a functional processor and memory fully defined by logic gates in a
CA-lattice of the original GoL; see the publication [16] for details and links.
Those attempts are supported by the proof that GoL is the Turing machine
equivalent; see the same reference [16].

9
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CHAPTER 3. THE VIDEO-DATABASE OF EMERGENTS OBSERVED

IN GOL-N24

Logic-Gate
Type

Cellular Automaton – Brief Descrip-
tion

Citation

AND logic gate AND – input 00, animation link
[18]

[13]

AND logic gate AND – input 01, animation link
[19]

[13]

AND logic gate AND – input 10, animation link
[20]

[13]

AND logic gate AND – input 11, animation link
[21]

[13]

Table S4: Logic gate AND was implemented in the original GoL using the
software GoL-N24 [8] (alternatively, the simplest GoL program [7] can be
used). Animations are located at the bottom of the pages in APNG formats,
which can be displayed by web browsers.

Logic-Gate
Type

Cellular Automaton – Brief Descrip-
tion

Citation

OR logic gate OR – input 00, animation link
[24],

[15]

OR logic gate OR – input 01, animation link
[25],

[15]

OR logic gate OR – input 10, animation link
[26],

[15]

OR logic gate OR – input 11, animation link
[27],

[15]

Table S5: Logic gate OR was implemented in the original GoL using the
software GoL-N24 [8] (alternatively, the simplest GoL program [7] can be
used). Animations are located at the bottom of the pages in APNG formats,
which can be displayed by web browsers.

3.2 Overview of Important and Interesting

Emergents Found in GoL-N24

This is the main section of this text. Gradually, as the research goes on,
newly discovered emergents will be presented here in Table S7. Everyone
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Logic-Gate
Type

Cellular Automaton – Brief Descrip-
tion

Citation

NOT logic-gate NOT – input 0, animation link
[22]

[14]

NOT logic-gate NOT – input 0, animation link
[23]

[14]

Table S6: Logic gate NOT was implemented in the original GoL using the
software GoL-N24 [8] (alternatively, the simplest GoL program [7] can be
used). Animations are located at the bottom of the pages in APNG formats,
which can be displayed by web browsers.

who finds some interesting emergents is welcome to contact the database
author and send the relevant data. It will be included with all credits and
links.

Gate Type Cellular Automaton – Brief Descrip-
tion

Citation

2nd order
emergents

Ships breeding ships: the first instance of
the observed 2nd-order emergents within
GoL-N24

[12]

neigh. re-
silience

Robust emergents within GoL resisting per-
turbation of neighborhood

[28]

Table S7: Interesting emergents were found within the extended neigh-
borhood of GoL using the software GoL-N24 [8] and error-resilient r-GoL
[9].
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